The effect of the disinfection of fertile eggs of free-range poultry with essential oils from Cymbopogon flexuosus and Lippia rotundifolia was evaluated. The treatments applied to the eggs were (v v -1 ): 1% essential oil from C. flexuosus (CF), 1% essential oil from L. rotundifolia(LR), 0.1% CF + LR, and 0.1% quaternary ammonia (QA) (positive control). The eggs were incubated for 21 days, the birds from hatched eggs were counted and weighed, and not hatched eggs were opened and examined macroscopically to determine egg fertility, and embryonic death time. The antimicrobial action of the essential oils was determined through quantitative analyses, considering aerobic mesophylls, filamentous fungi, yeasts, and total coliforms. Mortality was high in the treatments, especially in the treatment with essential oil from C. flexuosus. The highest hatchability was found in the treatment with QA. The treatments with singly or combined essential oils were more efficient in decreasing microbial count than QA. The essential oils from C. flexuosus and L. rotundifolia reduced the microbial load of fertile eggs of the free-range poultry evaluated.
SUMMARY
The effect of the disinfection of fertile eggs of free-range poultry with essential oils from Cymbopogon flexuosus and Lippia rotundifolia was evaluated. The treatments applied to the eggs were (v v -1 ): 1% essential oil from C. flexuosus (CF), 1% essential oil from L. rotundifolia(LR), 0.1% CF + LR, and 0.1% quaternary ammonia (QA) (positive control). The eggs were incubated for 21 days, the birds from hatched eggs were counted and weighed, and not hatched eggs were opened and examined macroscopically to determine egg fertility, and embryonic death time. The antimicrobial action of the essential oils was determined through quantitative analyses, considering aerobic mesophylls, filamentous fungi, yeasts, and total coliforms. Mortality was high in the treatments, especially in the treatment with essential oil from C. flexuosus. The highest hatchability was found in the treatment with QA. The treatments with singly or combined essential oils were more efficient in decreasing microbial count than QA. The essential oils from C. flexuosus and L. rotundifolia reduced the microbial load of fertile eggs of the free-range poultry evaluated. 
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INTRODUCTION
The use of antimicrobials in poultry farming results in high zootechnical indexes and positive impacts on the poultry production chain. However, the banning of many antimicrobial performance enhancers increased the search for alternatives. Contamination of fertile eggs causes large decreases in productive indexes of hatcheries and high economic losses (Scott & Swetnam, 1993) . Producers face several challenges from posture to hatching, thus, a proper management of fertile eggs is essential during these phases (Decuypere et al., 2001) . Biosecurity in poultry houses and hatcheries should be a priority for poultry farmers. Several disinfectants and application methods are available on the market; however, their efficiency is questionable due to considerable resistance of the microorganisms, and egg losses due to contamination at the poultry houseand during the incubation process. Quaternary ammonia is one of the main commonly used disinfectants; it has high bactericidal potential and low toxicity (Grezzi, 2006; Spinosa et al., 2006) . However, its action is considerably reduced in the presence of organic matter (Jaenisch et al., 2010) . Moreover, regular use of disinfectants is associated with food contamination due to residues found in products of animal origin. The interest in using essential oils has been increasing due to their antimicrobial properties, and because they are accepted by biosafety programs. Antimicrobial activity of essential oils has been reported by Adukwu et al. (2012) , Sinha et al. (2014) , Souza et al. (2014) , Azevedo et al. (2016), and Assis et al. (2017) . In this context, the objective of the present study was to evaluate the effect of the disinfection of fertile eggs of free-range poultry with essential oils from Cymbopogon Flexuosus and Lippia Rotundifolia. According to the analysis of gas chromatography coupled to mass spectrometry performed by Azevedo et al. (2016) , the main component of the essential oil from C. flexuosus is citral (77.42%),and a mixture of neral (β-Citral) and geranial (α-Citral) isomers; and the main component of the essential oil from L. rotundifolia is β-myrcene (15.52%). Eggs from free-range poultry of unknown breed collected in a noncommercial farm were incubated. Eggs contaminated with feces or presenting cracks were discarded. The collections were carried out twice a day and the The treatments applied to the eggs were (v v -1 ): 1% essential oil from C. flexuosus (CF), 1% essential oil from L. rotundifolia (LR), CF + LR, and 0.1% quaternary ammonia (QA) (positive control). The eggs were completely immersed (10 seconds at 23 °C) in the solutions with the disinfectants and left to dry for 30 minutes. They were then homogeneously distributed in a randomized block design with four replications of 30 eggs. One incubator (Premium Ecologica IP120, Belo Horizonte, Brazil) was used for each treatment. The eggs were incubated at temperature of 37.5 °C with relative air humidityof60% for 18days, and then the incubators were changed to birth conditions-temperature of 37.3 °C and relative air humidity of 75%-up to the 21 days (504 hours).The birds from hatched eggs were counted and weighed, and not hatched eggs were opened and examined macroscopically to determine egg fertility, and embryonic death time, distinguishing their mortality in early (0-4 days), intermediate (5-17 days), and late (18-21 days), according to Boleli(2003) . Hatchability was determined by subtracting the number of infertile eggs from the total incubated eggs, and dividing the total number of birds born by total fertile eggs. The microbiological quality of the eggshells after application of the treatments was analyzed through quantitative analyses, considering aerobic mesophylls, filamentous fungi, yeasts, and total coliforms. Three eggs of each treatment were placed in sterile plastic bags containing 0.1% peptone water at ratio of 1:1, using the surface wash technique. The solution was diluted up to 10³, and 0.1 mL of the dilutions were streaked on Petri dishes containing plate count agar (PCA), and potato dextrose agar (PDA) to quantify aerobic mesophylls, and yeasts and filamentous fungi, respectively. Total coliforms were quantified by the plating technique with overlay of violet red bile agar (VRBA). Plates with PCA and with VRBA were incubated at 37 °C for 48 hours, and plates with PDA were incubated at 28 °C for five days. The colonies formed were then counted and expressed in colony forming units (CFU) per gram of egg. A negative control with eggs without disinfection was also evaluated. The analyses were performed in triplicate, totalizing 45 eggs, according to the methodology described by Silva et al. (2010) . The data were subjected to analysis of variance; all percentage data were transformed into sine-arc, and microbial counts were transformed into Log 10 . The means that differed statistically were compared by the Tukey's test (p<0.05).
MATERIAL AND METHODS
RESULTS AND DISCUSSION
The incubation indexes and embryodiagnosis are presented in Table  1 . The treatments affected significantly (p<0.05) the hatchability of the eggs. Eggs treated with essential oil from Cymbopogon Flexuosus(CF) had the lowest hatchability, and those treated with quaternary ammonia (QA) had the best result, which presented 20% higher hatchability. Eggs treated with essential oil from Lippia Rotundifolia(LR) had similar hatchability to that of those treated with CF+LR. The treatments resulted in similar (p<0.05) early mortality, however, this class presented high mortality compared to standard values for hatcheries. Total mortality was high in all treatments; the number of deaths was high in eggs treated with CF, differing only from the control group. Birds from eggs treated with essential oils presented no difference in weight at birth. Yldrim et al. (2003) found no differences in incubation indexes and mortality in eggs treated with essential oil from Origanum vulgare L. compared to eggs treated with formaldehyde. QA is a surface disinfectant widely used in hatcheries, however, its use is restricted due to presence of organic matter (Jaenisch et al., 2010) . The effectiveness of egg disinfection in the different treatments may have been compromised due to the hygienic conditions of the eggs, since they did not undergo any other cleaning process prior to disinfection. Only eggs with excess organic matter on the eggshell were discarded, making a difficult condition for the disinfectants. The egg immersion technique may have affected the hatching rate of fertile eggs. The ideal time and temperature for hatching differ among studies (Proudfoot et al., 1985) ; however, the method applied intended to promote the viability of embryos (Yldrim et al., 2003) . The immersion technic should not affect excessively the hatching rate, since it could compromise the eggshell disinfection process (Mauldin, 2002) . The high mortality rates found may be due to environmental conditions prior to incubation, or immersion time during the disinfectant application process. Egg contamination by bacteria occurs soon after posture (Wall et al., 2008) , which can also lead to internal contamination of the egg by migration of bacteria from the surface of the eggshell (De Reu et al., 2006b ), affecting incubation rates. The hatching rate may also have been affected by the egg handling conditions, egg storage (high temperatures) and storage time conditions in the poultry house, and the age of the birds, which were, on average, more than 100 weeks old. The antimicrobial activity of the essential oils on the microorganisms on the eggshells is presented in Table 2 . The essential oils promoted disinfection of eggshells of the evaluated free-range poultry. The singly or combined applications of essential oils reduced the microorganism counts when compared to the QA; however, the treatments presented no significant difference (p>0.05). The disinfection with CF+LR was lower compared to that of treatments with essential oils applied singly. Although quaternary ammonia is usually used for disinfection of fertile eggs in hatcheries (Cony et al., 2008) , it presented higher total bacterial counts than the other treatments. Most eggs had high organic matter load, which may have decreased the disinfectant action. Jaenisch et al (2010) attribute a reduction in disinfectant activity to the presence of organic matter and other compounds on the surface of the eggshells. The disinfection of fertile eggs with essential oils for incubation showed a satisfactory reduction of microorganisms and can be recommended as an alternative to current disinfectants. Despite the conditions of the experiment, the antimicrobial activity was evidenced by the significant reduction in total microorganism counts. The antimicrobial activity of essential oils from C. flexuosus and L. rotundifolia have been confirmed by Adukwu et al. (2012) , Millezi et al. (2012) , Azevedo et al. (2016), and Assis et al. (2017) . Copur et al. (2010) evaluated essential oil from O. vulgare and found a disinfecting effect on broiler eggs, with reduction of total bacteria, and fungi and yeasts when performing fumigation of this essential oil at concentrations of 0.55 and 0.75 µL cm -3 , compared to the control and to the use of formaldehyde; they emphasized the potential of this natural disinfectant for hatcheries. The use of essential oils for disinfection of fertile eggs is a promising antimicrobial alternative to conventional disinfectants used in hatcheries. Thus, studies have evaluated different plant extracts and their associations, bird species, egg handling conditions, and situations that are commonly found in the poultry production. The essential oils from C. flexuosus and L. rotundifolia reduced the microbial load of fertile eggs of free-range poultry, and their application as disinfectant is recommended for hatcheries.
